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Figure 2. 1. Sampling location of Sagami Bay surface water. 
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Sagami Bay surface water (34'51 'N, 139'32'E) 
(two 5L bottles) 
N-Iimited f/1 O media 
Incubation (3-5 days, at 20'C, 14L:10D) 
J 
Isolation of one colony 
l 
Incubation in test tubes 
(5-7 days, at 20'C, -1 4L:1 OD) 
Re-isolation of one colony 
l 
Incubation in test tubes 
(5-7 days, 20'C, 14L:10D) 
Stock culture (maintained in f/4 media under conditions of i6-1 9'C, 14L:10D) 
Figure 2.2 Isolation method for Chaetoceros species taken from 
Sagami Bay surface water. 
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Preculture of cach species(f/20, 14L:10D, 17'C) 
N-limited media 
(N:P:Si=1:1:10 in 14M) 
P-limited media 
(N:P:Si=10:0.2:10 in /lM) 
e 
Ccll counting on the 6th day and 9th day after inocul'.ition. 
300-1200 cells were counted. 
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Figure 2. 4. Concentrations of (A) vegetative cells, (B) resting spores 
of Chaetoceros anastomosans and relationship between salinity and (C) 
cell diameter in media of various salinities on the 24th day after inocula-
tion in experiment 1. Error bars in (A) and (B) are I sd of the mean of 
triplicates. Error bars in (C) are I sd of the mean of 27 - 30 measure-
ments. Only live materials are shown. Vegetative growth was also ob-
served in the cultures with low salinities (S = 20.7 ppt and 27.8 ppt), 
however, the cells all died by the 24th day. 
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Figure 2. 5. Light micrographs of typical cell types observed in experi-
ment I using clonal culture of Chaetoceros anastomosans. (A) Wide, and 
(B) narrow vegetative cells; (C) deformed vegetative cells observed in 
high salinity cultures; (D) Iarge and (E) small resting spores; (F) dead 
(empty) vegetative cells, killed by attack from attached bacteria. A-E : 
bright field. F: dark field. Scale bar = 20 /an. 
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Figure 2. 6. Time course changes in concentrations of (A) vegetative 
cells, (B) resting spores, (C) nitrate, (D) phosphate and (E) silicic acid in 
batch cultures under nitrogcn limitation with salinity of 34.5 ppt (circle) 
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Figure 3. 1. Absorption spectra of diadinoxanthin and diatoxanthin in 
the diatom Chaetoceros pseudocurvisetus. Each pigment is purified by 
HPLC. 
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6 mm l.D., 250 mm L. 
4.6 mm l.D., 50 mm L. 
isocratic elution 
LiChrosphere RP-1 8 
4.6 mm I.D., 150 mm L. 
Stepwise elution 
UV-Detector (254nm) 
















VIS- Detector (436nm) 
Shimadzu UV-1 40-01 
-- ~~ _ 
' 
Spectrophotometer 





NEC PC9821 Cb2rr 
with NCS and GP 
Figure 3. 2. Schematic diagram of the chromatographic system for 
determinations of nucleotides and photosynthetic pigments in the diatom, 
Chaetoceros pseudocurvisetus. 
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Culture media (ca, 50 - 200 ml) 
l 
Filtration by gentle suction 
(GF/C, 24 mm diameter) 
Grinding within 5 seconds with 
absolute acetone (2 ml) in a mortar 
placed on crushed ice 
l 
Extraction (more than 12 hrs at -20'C) 
l 
Centrifugation Precipitate 
(3000 rpm, 4 min) 
l 
~upernatant 
HPLC analysis (injection voiume: 20 pl) 
Stepwise elution 
Merck LiChrosphere (4.6 mm l.D., 150 mm long, 
5,Im particle siz'e) 
Detection at 436 nm (Shimadzu UV-140-01) 
Stepwise elution program is as follows: 
Solvent I MeOH:Buffer 80:20, 2 min 
Solvent 2 MeOH:Buffcr 95: 5, 2 min 
Solvent 3 MeOH:Acetonc9a:10, 5 min 
Solvent 4 MeOH:Acetone60:40, 15 min 
(Buffer: aqueous solution oi' ammonium acetate, pH = 7.2) 
Figure 3 .3. Modified HPLC method for the analysis of chlorophylls and 






























Cuiture media (ca. 100 - 2000 ml) 
[ 
Fiitration by gentle suction 
(GF/C, 47 mm diameter) 
Grinding within 5 seconds with 3 ml of 
0.5M TCA (trich[croacetic acid) in a mortar 
placed on crushed ice 
l 
Extraction (5 min at O'C) 
l 
Centrif ugation Preci pitate 
(4000 rpm, 4 min) 
.l 
Supernatant (1 .C ml) 
<--- trioctylamlrle-carbon tetrachlcride mixture (1 :4, v/v) 0.9 ml 
Neutra[ization qf TCA (Mixed gently) 
l 
Centrifugation (4000 rpm, I min)-Lower layer (organic phase contained TCA) 
Supernatant (contained nucleotides) 
HPLC analysis ([nject[on vo[ume: 20 pl) 
Isocratic elution (at 45'C in a column oven) 
Inertsil ODS-2 (6 mm l.D., 250 mm long, 5,Jm 
particle size + 4.6 mm l.D., 50 mm long guard 
column) 
Detection at 254 nm (Jasco UVIDEC-1 O0-lll) 
Components of phosphatc buffer for isocratic elution is as follows: 
NaH2P04 0.140M 
TBAH 5mM (TBAH: tetrabutylammonium hydroxide, ion pair reagent) 
MeCN I O olo pH 6.0 
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Figurc 3. 5. A chromatogram of photosynthetic pigments extracted 
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Figure 3. 6. 
treatments. 
Chromatograms of photosynthetic pigments in various 
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Figure 3. 7. Chromatograms of photosynthetic pigments in various 
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Figure 3. 8. Relationship between injected amounts of pigments and 
peak area in chromatograms. (A) chlorophyll a; (B) fucoxanthin; (C) 
chlorophyll cl+c2; (D) response factor. 
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Table 3.2. Reproducibility of determination of chlorophyllous and xantho-
phyll pigments. Pigments were extracted from cultured Chaetoceros 
pseudocurvisetus with absolute acetone, separated by HPLC, and peak 
areas in chromatograms were measured (n=3). 
Pigment Retention time 
(mean:ts.d.) 
Relative standard 
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Figure 3. 9. Chromatograms of eight-component standard mixture by 
ion-pair reverse-phase HPLC under different separation conditions. (A) 


















































































































Table 3.3. Reproducibility of determination of (di)nucleotides. Nucleo-
tides were injected as mixed solution. Injected amount of each nucleotide 
was 40 pmol (n = 5). 
Nucleotides Retention time 
(meants.d.) 
Relative standard 
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Figure 3. 13. Chromatograms of nucleotides extracted from Chaetoceros 




































































































Phytoplankton sample on a 
GF/C filter 
Suspended in 3% NaC1, 
and homogenized at O'C 
TPA - - - - - - homogenate (Total phytoplankton P) Exposed to 5% TCA ' at O ~C, TPB ･ - - - - - - I precipitate for 30 min and for 15 min 
supernatant --
(Acid soluble P) 
Neutralized with Treated with 95% 2. 5N NaOll, and ethanol at OPC for adosorbed on charcoal 60 min, at O ~C, for 60 min and with ethanol-ether(1:1), twice, TPC -------- at 60 PC for 3 min ads. su p. (Nucleotide- (NUC Ieotide P free acid- = TPB - TPC ) soluble P) 
PiA Heated at 100"C in the ,j(Ortho P) presence of O. 12N sul-
furic acid includi.ng 
O. 3% nitric acid for 
60 mi.n 
PiB -------- sol. -----･ TPD ppt. sup. '-(1.i pid (Acid-solub].e Poly-P = PiB PIA) Ileated at 100~C in the (Sugar P = TPC - PiB) presence of O. 12N sul-furic acid including 
O. 3% nitric acid for 
60 min 
TPE ---- ------- TPF - -- PiC - -  (Residual P) 
(Acid-insoluble Poly P = (PiC - O. 15TPE)/O. 85) 
(Nucleic acid P = (TPE - PiO/O. 85) 
* TCA : trichloroacetic acid 
P) 
Figure 4. 2. A flow sheet of fractionation of cultures diatom phospho-
rus. TP's and Pi's are total phosphorus and orthophosphate in the indicated 

























































Figure 4. 3 Temporal changes in dcnsltles of total cells (circle), vegeta-
tive cells (triangle), and restlng sporcs (square) in batch culture experi-
ments under various nutrlent conditions. (A) nutrient rcplete; (B) nitrogen 
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Figure 5. 1. Temporal changes in in vivo fluorescence, concentrations 
of nitrate, phosphate and silicic acid. Nutrient replete (circle); nitrogen 









































O .'~ ~* Hce 
hlc'D c:SI:~ ~O .O_ 
!i~_ ~~:l 
~'F{~ ~O ~Se) ::'hl F::~3 
''t ~ ~u ::'Q)O ~(1) 

















F; IO (J 












~ ~Q)  :j0< (Jj~ 
~rCf) Cf)(¥lC~ OOO(:,~ HH HHH (~~~r~r 
~r~: ~;~:~: ¥r. ¥J:) tr). ~~d¥o ~'H 'H~~~f 
cq ¥o~~r t(H ~r;aia~ v~v~lr; 
F~F~ OO ~tl:t
~5~5 
~d~}~~; O~i~~; F:{oFt~:~ 
C~H OCf) 0.0~C(5 C: OO dc5 C:)C!~~1C~C:5C:; 
C~Cf) ~un¥O C~~OO 
- F::: f:i ~: t)J)~3 ~~ ~~S (L) )~~ ~~;~~: Oc:!JS ~~3 :j 8･ ~ ~ '~ -･ 
 









~= j == 
~ f ~~ ~~ -= ~i~~ ~~=~~~= ==?/ 
~ 
~~'~, _ ~~~ /~, i== / 
li~ f :~ ~i 
~_~:~"~=~~ 
~~~~~ -~  ~ 
~'==~~~ ~ 
-~ - ~ f~-'~~r:~h~~='~~i =~ ~~~~-*=~i ~ ~~~ ~! ~~ F~:~L= ~' -' = ~ ~~:i'~~~Fi~ ~-iL:'-:'~ ';1 ~t~~ ~ =~~ '-/ l-- ~~~~~~{~~ '~~~~J~:~;i/~_= ~__ IL ~:=~~i~~;~ = I~=~F_ __ ~1~=*~~= ~~=~=~~F~~ ~ == ~ 
_ 
~;~~ ~~<_ E=~l-i ~~~~~~~~~~~- : ' ~-  ~F = =~~~ !L'~ ~~~~i~~j ; =~~* 
~~~:~ft:¥~~~~;~;~~LJ=~~ -
= It ~_ ~ :_~--:~L' ~'~~ ~~~i-:9~;~F~~:;~/1= 
- ~ 
 ~~'~ ~~ ~ ~:'~_ ~: -='=~-* ~l~ ~~ ~~= ~~'-
Ef~:~~~~~i~f'L':ii i;-~!~~~~F~~ ~~~~~~ ~; __  L 
_ 




=~~~i:-~~ =~'= ' ;~~ - i * == *= ~, :~ ~~: --* ~* 
Figure 5. 2. Light micrographs of Chaetoceros pseudocurvisetus in 
each culture. (A) Vegetative cells in nutrient replete culture on Day 3; (B) 
nutrient starved cells of nitrogen and silicic acid limited culture on Day 5; 
(C) resting spores in nitrogen limited culture on Day 7. Scale bar = 20~am. 
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Table 5. 3 Chlorophyll fluorescence ofvegetative cells, nutrient starved 
cells and resting spores of Chaetoceros pseudocurvisetus under various 
nutrient and light conditions. 
Cu Iture 
type 
Days Light Resting Depletron Fluorescence 



































N & Si 












Cell types are as follows (cf. Fig. 5.2): V = vegetative cells, S = nutnent 
starved veget'ative cclls, R =resting spores. 
- 1 -
Table 5. 4. Levels of intermediates in diatom cells under various light and nutrient conditions 
(in fuloVcell). All cells exposed for 10 hours to light (160 pEm~2s~1). 































































Total 2. 75 1.58 0.78 57 28 
l 
B.D.: below detection limit 
Vegetative cells (V): Day 3 in nutrient replete culture. 
Nutrient starved cells (S): Day 5 in nitrogen and silicic acid limited culture. 
Resting spores (R): Day 7 in nitrogen limited culture. 
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Table 5. 5. Levels of intermediates in diatom cells under various light and nutrient conditions. 
A11 cells exposed for 10 hours to light (160 /lEm~2s~1). 
Amount (mmol/mol chl. a) Ratio (%) 
Metabolites 
Vegetative Nutrient starved 
































































B.D.: below detection limit (about 6 mmoVmol chl.a) 
1 : ADPG/Adenine = ADPG/(AMP+ADP+ATP+ADPG) 
2: AEC = (ATP+0.5ADP)/(AMP+ADP+ATP) 
'i Vegetative cells (V): Day 3 in nutrient replete culture. 
Nutrient starved cells (S): Day 5 in nitrogen and silicic acid limited culture. 
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Figure 5. 3. Temporal changes in composition of photosynthetic 
pigments in resting spores under various light intensity condition. Resting 
spores of Chaetoceros pseudocurvisetus formed under nitrate deplete 
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Figure 5. 4. Relationship between photon receipt of culture and con-
tents of xanthophyll-cycle pigments (diadinoxanthin and diatoxanthin) 
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Figure 5. 5. Chromatograms of photosynthetic pigments in vegetative 
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Figure 5. 6. Light micrographs of (A) enrpty nutrient starved cells in 
nitrogen and silicic acid depleted culture, and (B) surviving resting spores 
in nitrogen depleted culture under high light intensity (160~lEm~2s~1, 14:10 
LD cycle, Day 37). 
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Figurc 5. 7. Chromatograms of photosynthetic pigments extracted from 
Chaetoceros pseudocurvisetus resting spores after I month of their forma-
tion. 
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Figure 5. 8. Germination of resting spore (Day 49) after inoculated into 
fresh culture media (nutrient replete, f/10 Ievel of metal mixture and 
vitamin). No growth was observed in the culture inoculated from nitrogen 
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Figure 5. 9. Possible role of xanthophyll cycle. (A) Chemical structure 
of xanthophyll-cycle pigments; (B) singlet oxygen consumed process; (C) 
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Figure 5, 10. Relationship between in vivo fluorescence and total meta-
bolites. Each cell are same in Fig. 5. 2, 
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Figure 5. 1 1 . Relationship between total mctabolites and percentages of 
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Figure 6. 2. Typical chromatograms of photosynthetic pigments 
extracted from the various cell types. (A) Exponential growing vegetative 
cells; (B) nutrient starved cells in nitrogen and silicate limited culture; (C) 
resting spores in nitrogen limited culture. 
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Figure 6. 3. Typical chromatograms of nucleotides extracted from the 
various cell types. (A) Exponcntial growing vegetative cells; (B) cells in 
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